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incubation to yield a confirmatory culture result by another 
method of estimation. 
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MICROBIOLOGICAL TEST PROCESSES AND APPARATUS 

This invention relates to microbiological test 
processes and apparatus, and especially to microbial 
identification testing and to testing for minimum 
inhibitory concentrations of antibiotics in relation to 
clinical isolates of pathogenic microorganisms 
(M. I. C. testing). 

It has long been the clinical laboratory practice to 
test microbes isolated clinically from patients and other 
sources for their sensitivity to antimicrobial materials 
and for their metabolic growth requirements. The aim of 
such tests is to identify the microbes and/or assess their 
sensitivity to antimicrobial agents in the clinical 
context. 

Numerous methods and apparatus have been developed to 
aid these tests. Particularly convenient for this purpose 
are prepared microtitre plates provided with a series of 
culture wells, each containing a graduated small quantity 
either of an antimicrobial agent, such as for example an 
antibiotic, and/or a growth -promoting material, such as a 
vitamin, sometimes together with other ingredients for a 
microbial culture medium, and often in dried and otherwise 
stabilised form. Examples of such microtitre plates and 
their use are given by US Patent No. 3,713,985 (Astle), 
French Patent No. 1,488,866 (Sclavo), and GB Patent 

RBE13I 
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Specification No 1 574 707 (Unilever). The latter 
specification describes the production of a particularly 
well-stabilised form of microti tre plate. 

In use, plates of the above kinds, and other suitable 
devices, are inoculated with all the necessary culture 
materials and inoculum/ and incubated until the culture 
result appears. Often, this culture result is seen as a 
■button" of growth at the bottom of a microti tre well, and 
typically requires at least 18 hours of incubation. (With 
certain fast-growing micro-organisms, this method can give 
"button* formation as early as 7 hours but at this stage it 
is generally not possible to distinguish a sensitivity 
test result. ) 

It is desirable to reduce the incubation time required 
before a culture result can be detected. 

Certain proposals to this end have already been made. 
Particular attempts are described for example in US Patent 
No. 4 r 236 f 211 (Pfizer) (measurement of light scattering by 
micro-organisms in a limited number of cultures after about 
5 hours, see also US Patent No. 3,832,532 and GB Patent 
No. 1,554,134 (Pfizer). The use of these methods calls for 
complex and expensive apparatus and/or extensive 
calculations based on the light-scattering observed. 
US Patent No. 4,242,447 (Bio Research) particularly 
describes estimation of the bacterial content of liquids by 
the use of fluorescence detection after exposure of 
bacterially contaminated specimen liquids to an 
enzyme-inducing medium for about 15-30 minutes, followed by 
reaction of the mixture with fluorescein 
di-beta-galactoside and fluorimetry. 

U.S. P. 3 509 026 (Litton Systems Inc.) is especially 
relevant because it describes a culture procedure for 
indicating antibiotic sensitivity of microorganisms, 
involving the use of inert pads on a mounting strip, each 
containing a culture medium, antibiotic, and 
f lavone-3-diphosphate as a hydrolysable substrate to 
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indicate bacterial growth by fluorescence. It is suggested 
in U.S. P. 3 509 026 that the system described will allow 
rapid assessment of antibiotic sensitivity, and examples 
are given showing the results of examination of the 
cultures under fluorescent light after 4 hours' culture. 
Although some indications of antibiotic sensitivities were 
obtained after 4 hours 1 culture, there are several results 
denoted as unclear among the examples, and it appears to us 
to be at least difficult to prepare a simple and reliable 
system based on this technique. 

More recently, T. Urban and C. Jarstrand have 
described in J. Antimicrobial Chemotherapy (1981) 8^ 
363-369 a bacterial identification and MIC method based on 
commercially available Sensititre test plates, with the 
addition after 4 hours 1 culture of nitroblue tetrazolium 
and phenazine methosulphate to give blue formazan colour 
where bacterial growth has occurred. NBT and PMS are 
however toxic to the cultures, and it is often desired to 
retain the cultures after MIC or identification work for 
further testing. 

The prior art includes a number of fluorogenic 
substrates for enzymes of diverse origin which are known, 
commercially available, and have been used in enzymological 
procedures. Among these are a variety of fluorogenic 
4-methyl-umbelliferyl derivatives (hydrolysable to 
4-methyl-urabelliferone) and derivatives of 
7-amino-4-methyl-coumarin, e.g. GB Patent No. 1,547,747 and 
European Patent No. 0,000,063 (Ajinoraoto) . 

By the present invention there are provided improved 
arrangements and processes by which a reliable culture 
result can often be detected in respect of any of a 
usefully broad spectrum of micro-organisms by the use of 
simple procedure in as little as 4 hours after incubation, 
or in some cases even more quickly. These arrangements 
also allow normal incubation to be continued and the 
ordinary culture obtained later as a confirmation if 
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desired. 

According to the present invention, microbial culture 

tests, for example for M.I.C. determination or microbial 
identification, are speeded up by the inclusion in the 
culture media of fluorogenic substrate(s) , and the cultures 
are examined for fluorescence to determine presence or 
absence of growth. 

According to one aspect of the invention, an improved 
process of determining the minimum inhibitory concentration 
(MIC) of an antimicrobial substance with respect to a 
micro-organism under test, (for example an unidentified 
clinical septic isolate), which process comprises (a) 
culturing the micro-organism in each of a series of 
separate culture portions of a nutrient medium, with each 
portion supplemented with one of a series of graded amounts 
(possibly including, as one of the series, a zero amount) 
of the antimicrobial substance of which the MIC is to be 
determined, (b) detecting the degree of growth of the 
micro-organism in the several culture portions, and (c) 
assessing the MIC from data representing the respective 
degrees of growth so detected; the improvement in the 
process consists essentially in the combination of 
(d) using as inoculum in each culture portion a 
concentration of the micro-organism within the range of 
about 5xl0 4 organisras per ml to 10 6 organisms per ml, 
(also not necessarily above 5xl0 5 /nd and preferably at or 
below about that number); (e) culturing the micro-organism 
under suitable conditions for growth, e.g. in some 
preferred embodiments, for a period of less than about 5 
hours and preferably for about 4 hours? (f) exposing each 
culture portion either during and/or after the culture 
period to at least one fluorogen, defined herein as a 
compound capable of being enzymically modified, e.g. by 
hydrolysis, to give a derivative fluorophor which has an 
appreciably modified or increased fluorescence, such 
fluorogens can for example be conjugates of fluorophors. 
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e.g. selected from conjugates such as phosphates, peptides, 
esters and possibly also glycosides), of fluorescent 
coumarin, and possibly also fluorescein, and indoxyl 
compounds and their derivatives, or to a plurality of such 
fluorogens, for a sufficient time to allow any enzymic 
hydrolysis of the fluorogen to take place, (e.g. during 
the culture period itself and/or for about 30 minutes 
thereafter in case the fluorogen is added after the culture 
period), (g) assessing the fluorescence of each culture 
portion by a non-destructive instrumental fluorometric or 
fluoroscopic method thereby to obtain information for the 
assessment of the MIC value after the culture period, e.g. 
in some preferred embodiments less than about 4-7 hours, 
e.g. about 3.5 to 5 hours, preferably about 4 hours. It is 
preferable to allow at least three generation-times for the 
microorganisms in the culture before assessing the results: 
4 hours can be used routinely with the particular examples 
described hereinbelow. 

This method has an advantage over current MIC 
assessment techniques, in that in embodiments as described 
below it enables a result to be obtained after a culture 
period of four hours, while if desired the culture can be 
retained, and continued by further incubation for the 
remainder of the conventional 16-hour or other period to 
enable a confirmatory result to be achieved by estimation 
in another way, e.g. by visual inspection of overnight 
cultures. Of course, such rapid results can allow rapid 
therapeutic decisions and can contribute to the outcome of 
clinical treatment of patients. The method can easily 
have a positive control built in, in the form of a null 
antibiotic well to detect lack of development of 
fluorescence. Generally the method can give an improvement 
in time needed for the test as a whole in comparison with 
other detection methods. 

In order to obtain an effective test result, naturally 
the fluorogen utilised in step (f) needs to be one which is 
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hydrolysable by an enzyme produced by the micro-organism 
whose growth is to be detected. 

Since the micro-organism can in principle be any 
unidentified micro-organism, there can of course possibly 
be difficulty in ensuring that this condition is fulfilled. 

We have surprisingly found that if a fluorogen or 
mixture of fluorogens gives an effective indication of 
growth for each of the following fifteen screen-test micro- 
organisms then it will also be suitable for use in the 
present rapid MIC method as applied to the overwhelming 
majority of clinical isolates obtained in normal 
microbiological practice- The fifteen screen-test micro- 
organisms do not themselves appear in a similarly 
overwhelming majority of cases but serve as a check on the 
effectiveness of fluorogens in this invention. They are: 
Bacillus subtilis 
Staphylococcus aureus 
Staphylococcus epidermidis 
Staphylococcus saprophytics 
Streptococcus pyogenes 
Streptococcus faecal is 
Klebsiella edwardsii 
Klebsiella pneumoniae 
Proteus vulgaris 
Proteus mirabilis 
Escherichia coli 
Pseudomonas aeruginosa 
Citrobacter freundii 
Serratia marcescens 
Salmonella ana turn. 
It is emphasised for the avoidance of doubt that these 
are all familiar common micro-organisms of which the wild 
strains are quite suitable for carrying out the assessment 
of fluorogens for use in the present invention and 
accordingly there is no need to choose particular isolated 
cultures or the examples stored in particular culture 
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collections. We have verified our results in trials using 
6 different clinical isolates of each of 6 common species. 

In accordance with this finding, one aspect of the 
invention therefore utilises as the fluorogen(s) in step 
(f) a fluorogen or mixture of fluorogens which is 
hydrolysable to form fluorophor by a culture of each one of 
the above-specified fifteen micro-organisms. 

Specific examples of such suitable fluorogens are 
hydrolysable derivatives of 4-methyl-coumarin f such as 
(a) a mixture of 4-methylumbelliferyl phosphate and 
4-methylumbelliferyl fatty acid ester such as the 
hexanoate, octanoate or nonanoate, or other fatty acid 
ester for example within the chain length range C fi -C 16 , 
and (b) a mixture of 4-methylumbelliferyl ester, eg. 
preferably phosphate, and a 7-(N)-(aminoacyl or peptidyl) 
-4-methyl-7-amino-coumarin, e.g. 7-(N)-alanyl-4-roethyl-7- 
araino-coumarin, or the corresponding leucine derivative 
instead of the alanine derivative. Mixtures of other 
combinations of the above compounds are also suitable. 
Corresponding fluorogenic derivatives of other coumarins 
are also suitable. 

These fluorogens are suitable for MIC determinations 
against the overwhelming majority of clinical microbial 
isolates. In the occasional unlucky case, it will be 
apparent on inspection of the cultures that a uniform poor 
fluorescence yield is obtained, and thus the culture does 
not yield a misleading MIC value. 

Specific examples of fluorogens can conveniently be 
used in amounts that give the following concentrations in 
the culture fluid: 

4-methylumbelliferyl nonanoate: 120 micromolar; 

4-methylumbelliferyl phosphate: 120 micromolar? and 

4-methyl-7-amino-coumarin- 

7-N-alanyl peptide: 100 micromolar concentration. 

In general, the substrate(s) concentration is most 
often in the range 30 to 300 micromolar. 



0091837 

- 8 - POO. 18 

When 4-methylumbelliferyl nonanoate is used it can in 
certain embodiments preferably be added in the form of an 
emulsion, (e.g. formed of 6% v/v methyl cellosolve 
containing the ester and 94% water)? at or towards the end 
of the bacterial culture period, e.g. after 3^-4 hours, and 
incubated preferably about 30 minutes before assessment of 
the fluorescence yield and MIC: the phosphates and peptides 
can be present if desired throughout the culture period. 

According to the invention we also provide a prepared 
microtitre plate having a plurality of microti tre wells 
containing active materials for promoting and/or inhibiting 
microbial growth, together with fluorogen(s) as specified 
herein. 

In the prepared microtitre plates, the amounts and 
kinds of the fluorogens and other constituents are of 
course chosen and adjusted according to normal 
requirements, in the case of conventional nutrient and 
antibiotic ingredients, and according to the 
recommendations given in this specif iciation in the case of 
the fluorogens. For example, in conventional standard 
microtitre wells of about 0.5 ml capacity, which are 
suitable for use in the invention, designed to be dosed 
with about 50 to 100 raicrolitres, e.g about 0.05 ml broth 
in normal use, the quantity of each of the fluorogens 
present can very suitably be in the order of 6 nanomoles 
per well. 

It can be convenient to form the fluorogenic 
substrates, particularly the esters such as nonanoate, into 
an emulsion, e.g in methoxyethanol , with a film forming 
stabiliser such as polyvinylalcohol before drying down to 
form a stabilised film e.g as described in GB Patent 
Specification No. 1 574 707. 

According to one aspect of the invention, it can be 
convenient to dose the fluorogens into the wells at the 
same time as the microbiological inoculum. In the case of 
many normal clinical procedures for antibiotic sensitivity 
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testing, it is the practice to use dry prepared microti tre 
wells containing dried stabilised aliquots of antibiotics, 
e.g. as described in our earlier GB Patent Specification 
No. 1 574 707. Into each of these dry wells there is 
dispensed an aliquot of a nutrient broth containing the 
microbiological inoculum in suspension. The inoculum 
suspended in broth can be prepared as a batch, e.g. 10 ml, 
and dosed into wells either manually or with the use of an 
automatic inoculator. According to an aspect of this 
invention, an inoculum for dosing into a set of microtitre 
wells for antibiotic sensitivity testing can be prepared so 
as to comprise at least one or more fluorogens 
of the kinds described herein, at concentrations as 
described herein. For example, to 10 ml of broth 
inoculated with a clinical isolate of E.coli, of which the 
antibiotic sensitivity is to be determined, there can be 
added about 1 micromole of AAMC (4-methyl-7-aminocoumarin 
7(N)-L-alanyl peptide), thus giving an AAMC concentration 
in the broth of about 100 micromolar concentration. For an 
unidentified clinical isolate, it can be especially 
advantageous to use a 2-component or 3-component 
fluorogenic substrate group, consisting of about 1 
micromole of each substrate per 10 ml of inoculated broth. 

If desired, the inoculum vessel, e.g. 10 ml tube, or a 
cap or lid or screw-top of the tube or other vessel used 
for preparing the inoculum, can have a dry stable 
preparation of the fluorogen or fluorogens in stabilised 
form inside it, e.g. stabilised with a thin layer of 
water-soluble film-forming stabiliser as described in GB 
Patent Specification No 1 574 707, e.g. water-soluble 
polyvinyl alcohol. Another way to apply the substrate mix 
to the inoculum is to insert a solid carrier, for example a 
bead, or a non-porous sheet, slip or pad, bearing a dried 
preparation of the substrates in appropriate predosed 
quantity, into the inoculum tube or other vessel used to 
prepare the inoculum. 
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It can therefore be seen that a convenient embodiment 
of a kit for antibiotic sensitivity testing according to 
this invention comprises a prepared microti tre tray with 
antibiotics pre-dosed in known manner in its various wells, 
and an inoculum preparation vessel for preparing 
broth-suspended inoculum for inoculation into the wells of 
the tray, containing in dry stabilised form one or more 
fluorogens as described herein, in an amount appropriate to 
yield detectable fluorescence after dilution in the broth, 
culture in the tube and hydrolysis in the event of culture 
growth, but distinctly different or lesser fluorescence in 
the event of no culture growth. 

(It is understood that the fluorogenic compounds are 
in themselves either non-fluorescent or meta-f luorescent , 
i.e. fluorescent in a distinctly different way (e.g. either 
by colour or intensity) than the corresponding 
enzyme-modified products, and appropriate wavelengths of 
excitation and detection, in a manner well known to users 
of fluorometric instrumentation, are used to separate the 
fluorescence signal developed by the enzyme modification 
from any other fluorescence that may be present. ) 

We find that this method can give good detection of an 
overwhelming majority of clinical isolate micro-organism at 
4 hours after incubation when suitable care is taken with 
general culture conditions and with special advantage when, 
in some cases an electrooptical fluorescence detector is 
used (e.g. a xenon lamp source such as a pulse-xenon UV 
source, together with a photomultiplier fluorescence 
detector). Suitably, such a range of detection is chosen 
as will allow detection of fluorophor in the range 0-14 
roicromolar concentration in 50-100 microlitres, and 
preferably detects changes of concentration of 1.6 
raicromolar or less within this range. 
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Examples of the invention are given below. 
Examples 1 and 2 

In these examples 4-methyl-umbelliferone-phosphate 
(MUP) (Example 1) and 4-methyl-umbelliferone nonanoate 
(MUN) (Example 2) are exposed to a culture of bacteria to 
give an indication of the amount of bacterial growth by the 
extent of their conversion to 4-methyl-urabelliferone (4MU), 
measured fluorometrically. 

Microtitre wells were dosed (Example 1) with 0.05 ml 
of a medium containing casein hydrolysate (1.75% w/w); 
Difco (TM) brain heart infusion (0.45%), CaCl 2 (0.017%) r 
MgCl 2 (0.025%), and also (in the case of MOP) containing 
120 roicromolar MUP. In the case of Example 2, MUN was 
reserved until a later stage. 

Each combination of materials was tested in the 
presence and absence of inoculum and in the presence and 
absence of various concentrations of each of a number of 
commonly used therapeutic antibiotics. 

To make the test inocula, each of fifteen test 
organisms as specified above was grown overnight in culture 
in a medium similar to that described above except that it 
lacked the fluorogenic substrate. These cultures were 
used as a test source of inocula for the dosed microtitre 
wells each containing 50 microliters at a concentration 
of 10 cells per ml (final count in the inoculated 
wells) . 

Incubation of the plates was carried out over four 
hours at 37°C. In the case of the MUN plates, after this 
period to each relevant well to be dosed there was added 18 
microlitre of an emulsion of MUN in methoxyethanol and 
water (made at the rate of 15.82 mg MUN dissolved in 1.5 ml 
methoxyethanol and emulsified with pure water to 25 ml 
volume, giving 2mM substrate in the emulsion). The dosed 
wells were then incubated at 37°C for 30 minutes. 

The fluorometric detection system used consisted of a 
pulsed-light xenon source and fluorimeter, (in this case a 
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xenon lamp system 3021 and pulsed-light photometer system 
3010 from Chelsea Instruments Limited, London) operated 
with a Schott 2-branch fibre-optic UV light guide (Schott 
Glass Limited) with 500 ram light guide length and 4 mm 
diameter branch optical fibre bundle diameters. The 
excitation wavelength used was 363 nm. The emission 
(detector) wavelength used was 450 nm. This combination 
of wavelengths is found to offer the best compromise with 
these substrates between absorbance from the 4-MU product 
and Competing absorbance from MUP and MUN. 

An alternative optical system used consisted of a 
Perkin-Elraer 1000 fluorimeter set with 363 nm excitation 
wavelength, 450 nm emission wavelength, narrow slit width, 
energy level 400, scale expansion 1, 0.5 cm light path, and 
temperature 37°C. 

The pulsed-light xenon system was advantageous in that 
it allowed the measurements to be taken while the cultures 
remained in their culture wells. 

The MIC value in the antibiotic tests was taken as 
that least concentration of antibiotic in the well in which 
the fluorescence level detected after culture was no more 
than twice the background level. 

In the tests described above it was found that the use 
of the indicated amount of MUP allowed detection of growth 
and antibiotic inhibition after 4 hours 1 growth of 
S. aureus , Strep. pyogenes , Kl.edwardsii , 
Kl. pneumoniae , Pr .mirabilis , E.coli , Citr.freundii , 
Serr .marcescens , and Salm.anatum . 

By the use of MUN alone it was possible to detect 
growth and antibiotic inhibition of B.subtilis , 
Staph. aureus , Staph.epidermidis , Staph. sapr ophytics , 
Strep. pyogenes , Kl. pneumoniae , Ps.aeruginosa , 
Serr .marcescens and Salm.anatum * 

The use of MUN and MUP together was effected in a 
supplementary Example (1+2) by treating culture wells which 
had been based on MUP-containing medium, as in Example 1, 
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with HUN in the manner described in Example 2. Using this 
combination it was possible to detect growth and antibiotic 
inhibition of all fifteen above-described test 
microorganisms. 
Example 3 

In a similar manner to that described for Example 1, 
the peptide L-alanyl-7-amido-4-methylcoumarin (AAMC) was 
used as a fluorogenic substrate, and gave the ability to 
detect growth and inhibition of all fifteen of the 
above-specified test microorganisms after a culture period 
of 4 hours. It was found advantageous in some cases, e.g. 
to give a more intense result with B.subtilis and S. aureus 
and some others, to use AAMC in combination with HUN. 
Example 4 

This example illustrates a preferred method of 
applying fluorogenic materials to the improvement of 
microbial M.I.C. determinations, involving the application 
of fluorogenic enzyme substrates to the broth suspensions 
of the microbial inocula. The materials used in this 
example included a standard prepared plate for M.I.C. 
determinations ( 'Sensititre ' (Trade Mark) from Seward 
Laboratory in U.K, Gibco Diagnostics in U.S.A.), including 
12 x 8 microtitre wells each to contain 0.05 ml broth 
suspension* 

A broth suspension of microorganism was prepared by 
the use of a prepared sterile inoculum tube of standard 
form and 10 ml working capacity, with a plastics screw-top, 
filled with 10 ml of the nutrient medium specified in 
Example 1 and sterilised. A suspension of the microrganism 
was made to a final density of 2.5 x 10 5 organisms/ml as 
judged by optical comparison of the turbidity of a 
10-40-fold concentrate (eg. 10 7 /*1) using a MacFarlan 
standard suspension of BaSO^ and/or the experienced eye 
of a microbiological technician. The broth was prewarmed 
in the inoculator tube to 37 °C before dispersion of the 
microbial inoculum therein, so that thermal shock was 
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avoided as far as possible. 

The fluorogenic substrates 4-methyl-umbelliferyl 
phosphate, (MDP), 4-methyl-umbell£eryl nonanoate (MUN), and 
L-alanyl-7-amido-4-methylcoumarin (AAMC) were introduced 
into the broth suspension of the microorganism in the 
following manner. 

A second screw-cap for the sterile broth tube, as 
illustrated in Figures 1 and 2 of the accompanying 
drawings, had previously been predosed with a preparation 
of the substrates and stored in dry form in a 
moisture-impermeable wrapping until required for use. 
The substrate preparation consisted of the following 
compositions mixed by adding them together sequentially in 
the following order, 

(a) 307.3 mg MUP dissolved in 5 ml 0.5% aqueous polyvinyl 
alcohol (water-soluble, Sigma type P-8136 from Sigma 
Chemical Company); to which is then added 

(b) 246.2 mg AAMC dissolved in 10 ml 2-methoxyethanol, to 
which is finally added 

(c) 380.0 mg MUN dissolved in 10 ml 2-methoxyethanol. 
This mixture was sufficient to prepare 1000 predosed 
screwcaps of fluorogenic substrates. As shown 
diagrammatically in section in Figures 1 and 2, a standard 
inoculator tube cap 1 was used, which was sealed in an 
impermeable packaging 2. When required for use it was 
removed trom packaging 2 and used to cap a standard (10 ml) 
inoculator tube 3 containing a nutrient suspension 4 of 
microorganisms. The tube cap 1 consisted of a plastics cap 
body containing a water- and solvent-impermeable sealing 
wad 5. A small depression was made in the centre of each 
wad (if needed) and a drop of 0.025 ml of the prepared 
substrate mixture dosed into the depression so formed in 
the wad of each cap. The methods and conditions adopted in 
connexion with the dosing and drying are those which have 
become conventional in the preparation of "Sensititre" 
products and are in detail substantially as described in GB 
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Specifications Nos. 1 574 707, 1 520 745 and 1 508 747. 
The result was a dried spot 6 (Figures 1 and 2) in each cap 
containing the mixture of substrates. Each cap then 
contains 1.2 micromoles MUP, 1 micromole MUN and 1.2 
micromoles AAMC. When the warm (37°C) microbial broth 

suspension had been prepared in a standard inoculator 
tube, the plain 

screw-cap of the tube (not shown in the drawings) was then 
exchanged for one of the prepared screw-caps 1 described 
above, as indicated in Figure 2 r and shaken up for about 30 
seconds to dissolve and/or disperse the fluorogenic 
substrates located on the cap-wad. 

Then the prepared broth suspension, in this way 
loaded with the fluorogenic substrates, was dosed into the 
prepared "Sensititre" plate in the normal manner, and 
incubated in the normal manner except that the incubation 
period was 4 hours instead of the normal 18-20 hours. 

At the end of the 4 hours incubation period, the 
fluorescence of each well was read by means of a 
fluorescence detector arranged for adequate sensitivity, 
back-off and overload performance to give usable signal 
read-out from a 50 microliter sample containing free 
fluorophor concentrations (reckoned as 

7-amino-4-methylcoumarin) in the range 0-3 micromolar and 
up to 14 micromolar concentration. A concentration of 3 
micromolar 7-AMC corresponded to the order of magnitude of 
degrees of fluorescence typically found after 4 hours' 
culture of inocula prepared according to the invention. 

An important advantage of the procedure was that 
(wherever desired) the fluorescent plates could be cultured 
on overnight in the normal manner to obtain a conventional 
culture result. This can provide the clinical user with 
reassurance about the correctness of the result obtained 
after 4 hours. 

An important methodological point in the use and 
application of this system is the criterion for judging the 
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presence or absence of microbial growth and the correlation 
of the results with the standard "Sensititre" method and 
other (manual) minimum inhibitory concentration tests which 
have been shown to correlate well with each other. (See 
D.S.Reeves et al . , Antimicrobial Agents and Chemotherapy , 
December 1980 , 18 (6) , pp 844-852.) 

In the present example, a negative control 
fluorescence level is taken from the fluorescence yield 
of control wells which are complete and have been subjected 
to the entire procedure except for the absence of 
microorganisms. (Alternatively or additionally, it could 
be taken from the fluorescence yields of of wells 
containing such high concentrations of antibiotic that the 
microorganisms dosed into them have not grown.) 

A single M.I.C. determination is based on the 
antibiotic concentration in the last well (in a series 
showing decreasing concentrations of a single antibiotic) 
before the first well of the series in which definite 
growth is detected. 

In this example, "definite growth" is indicated by an 
increase of fluorescence yield compared to the negative 
control after 4 hours of incubation, but is not taken as 
indicated unless 

(i) the fluorescence yield from the well is at a level 
greater than the sum of negative control level and one 
third of the range between the negative control well and 
maximum yield for the organism in question (zero 
antibiotic); and 

(ii) the fluorescence yield from the well is equivalent to 
more than 1.6 micromolar (as concentration of 
4-methylumbelliferone) fluorophor difference between the 
well and the average of the wells tested so far in the 
current row or set, i.e. the current single antibiotic 
dilution series, and 

(iii) the fluorescence yield from the well is greater than 
the negative control level by more than 1.96 times the 
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standard deviation of the average of the wells tested so 
far* 

For the evaluation of any one row or column of wells, 
with a given antibiotic dilution series the background 
level is first taken as the fluorescence yield of the first 
well, and threafter as the running mean of levels of wells 
already examined and showing no definite growth. The 
standard deviation is taken as 2.5% when evaluating the 2nd 
well and is then calculated from the levels of the wells so 
far examined in the row and showing no growth. 

It has to be emphasised that this is the method of 
calculation we have arrived at to give the best available 
correlation with existing M.I.C. methods, and the method of 
the present invention does indeed correlate well with 
these, provided that induced-resistance phenomena are 
allowed for (see below). 

However, this method of calculation deliberately 
ignores occasional low levels of growth occurring in wells 
where the antibiotic is present at a level currently 
accepted as being the M.I.C. itself. The existing standard 
methods, in fact, are not able to detect such low levels of 
growth even after 18-20 hours incubation. We consider that 
in such cases the conventional estimates of M.I.C. are on 
the low side, and that an appropriate level for therapeutic 
decision lies rather at the higher levels which are 
indicated by the method of this invention and the use of 
modified rules of calulation which do not ignore the low 
levels of microbial growth sometimes obtained near the 
currently-accepted M.I.C. level. 

Where this criterion of interpretation of the test 
results is chosen, condition (i) for the indication of 
"definite growth" may be ignored or the threshold level 
reduced to one sixth or one tenth of the range between 
negative-control and maximum-growth fluorescence yields. 

It is believed that when used in this way, the method 
of the invention not only gives a rapid and convenient test 
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result but also an advance in sensitivity and 
discrimination, compared with the existing methods. 

One further factor in using methods of the present 
invention and interpreting them needs to be mentioned, and 
that is the phenomeneon of induced resistance to the 
antibiotics under test. 

With some microbes, especially with Staphylococcus 
aureus, a resistance to antibiotic, especially beta-lactara 
antibiotics such as those of the penicillin and 
cephalosporin series, can often show itself only after 
overnight culture in the presence of the antibiotic. Thus 
4-hour culture results, by whatever method evaluated, can 
show inhibition by antibiotic while 18-hour culture results 
show subsequent recovery and growth after induction of the 
resistance. 

Where effects of this kind are suspected then either a 
4-hour culture result has intrinsically to be treated with 
caution and subject to confirmation, or steps can be taken 
to avoid an appearance of antibiotic susceptibility where 
resistance would develop in the longer term. 

Thus, for example, the preincubation culture which is 
carried out in order to obtain the inoculum suspension of a 
possiby beta-lactam-antibiotic-resistant strain used for 
the M.I.C. test, can be carried out in the presence of a 
non-lethal amount of a beta-lactam antibiotic such as 
penicillin G or methicillin, such an amount being used as 
will induce the formation of the beta-lactamase enzyme 
responsible for the resistance, in a manner which is known 
per se. Suggested concentrations for this condition are for 
example of the order of 0.25 microgram per ml methicillin 
inducer. 

A number of alternative fluorogenic substrates can be 
used in modifications of the system described above, namely 
for example peptides and esters (in themselves known 
materials) of umbel lifer one, 4-methylumbelliferone, 
3-carboxy-7-hydroxycoumar in , 3-carboxamido-7- 
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hydroxy coumar in, 3-phenyl-7-hydroxycouraarin, 3-acetyl-7- 
hydroxycoumarin, 3-carboxyethyl-7-hydroxycoumarin, 3-cyano- 
7-hydroxycoumarin, 7-amino-4-methylcoumarin, 7-amino-4- 
trifluoromethylcoumarin, 2-naphthylamine, 4-methoxy-B- 
naphthylamine, naphthol-AS (3-hydroxy-2-naphthoic acid 
anilide), indoxyl and l-(alpha)- and 2-(beta)-naphthol 
derivatives including N-methyl indoxyl acetate and indoxyl 
acetate, resorufin, l-methyl-7-hydroxyquinolinium iodide, 
and 6-amino-quinoline. 
Example 5 

This example shows the preparation of microtitre wells 
containing stabilised fluorogenic substrates, suitable for 
carrying out several embodiments of the invention. 
Directions are as follows: 

Dissolve 307mg 4-methyl umbelliferyl phospate (Koch- 
Light) in 5ral distilled water by agitating in a 70°C water 
bath and then filter-sterilise. Mix with 5ml 5% w/v 
polyvinyl alcohol (Sigma type II No. P8136) which has been 
autoclaved at 121°C for 15 minutes before allowing to cool. 
Dissolve 660 mg 7-L-alanyl-7-aFiido-4-methyl-coumarin, 
commercially obtained in the form of its trif luoroacetate, 
(Cambridge Research Biochemicals) in 20ml 2-methoxyethanol . 
Dissolve 304mg 4-methyl umbelliferyl nonanoate (Koch-Light) 
in 20ml 2-methoxyethanol. 

Mix the two 2-methoxyethanol solutions together, 
followed by the PVA solution. Dose 100 microlitres into 
each microtitre well and dry at 55°C, 20 Torr for 1 hour. 
Pack in an air and light tight container with a desiccant 
until required for use. Each microtitre well thus prepared 
is ready for the inoculation with standard quantities of 
microorganism suspension in nutrient broth. 

It is convenient, when required, to include in the 
methoxyethanol/polyvinylalcohol mixtures appropriate 
quantities of any standard growth-inhibiting or growth- 
promoting substances needed for the cultures to be carried 
out in the microtitre wells. Alternatively, these can be 
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introduced in separate dosing and drying operations or as 
liquid additives prior to inoculation. 

Remaining details for carrying out culture are 
standard, and for reading the fluorescent results are as 
described earlier in this specification. 
Example 6 

This example shows the preparation of dosed paper 
strips for addition to a microbial inoculum suspension in 
culture medium for inoculating culture test plates, and is 
an alternative to the dried-down cap preparation described 
in Example 3. Directions are as follows: 

Dissolve 153.5 ag 4-methyl umbelliferyl phosphate 
(Koch-Light) in 2.5ml distilled water by agitating in a 
70°C water bath and then filter-sterilise. Mix with 2.5ml 
30% w/v polyvinyl alchohol (Sigma type II No. P8136) which 
has been autoclaved at 121°C for 15 minutes before allowing 
to cool. Dissolve 330mg 7-L-alanyl-7-amido-4-methyl- 
coumarin, commercially obtained in the form of its 
trifluoroacetate, (Cambridge Research Biochemicals) in 10ml 

2-methoxyethanol . 

Mix the two 2-methoxyethanol solutions together 
followed by the PVA solution. Dose 100 microlitre into non 
porous strips 9mm x 14.7mm as used for drying antibiotics 
and dry at 55°C, 20 Torr for 1 hour. Pack in an air and 
light tight container with a desiccant until required for 
use. 

In conclusion, it can be seen that the invention 
provides a wide variety of improved antibiotic sensitivity 
tests and corresponding culture methods and pre-dosed test 
plates, and microtitre wells, broth containers, closures 
and inserts adapted thereto. The skilled reader will be 
able to select those which suit his particular needs, for 
example, a procedure using AAMC can conveniently be used 
when it is desired to carry out tests for E.coli and 
substantially all other gram-negative enteric organisms, 
and a procedure using one of the combinations of 
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fluorogenic substrates is a useful example for screening 
the sensitivity of isolates drawn from a large and 
unidentified wild population. It can be convenient in 
certain instances to carry out a preliminary screening of 
an unidentified microorganism in contact with the 
fluorogenic substrate or combination chosen, to verify that 
its presence can result in the development of satisfactory 
levels of fluorescence. 

The features and characteristics presented in this 
specification and accompanying claims can be carried out, 
used and performed in all combinations and not merely in 
those specifically exemplified herein. 
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Claims 

1. An improvement in the method of carrying out a 
microbial culture test, in which the culture medium of a 
microorganism under test includes a hydrolysable 
fluorogenic substrate which is enzymically hydrolysable to 
yield a fluorescent material, and in which test the growth 
is assessed by fluorescence, wherein said improvement 
comprises inoculating the microorganism into the culture 
medium at an inoculum concentration within the range 
5 x 10 4 organisms/ml to 10 6 organisms/ml; including one 
or a plurality of hydrolysable fluorogenic substrates in 
the culture medium with the concentration of each 
fluorogenic substrate in the medium in the range 30 
micromolar to 300 micronolar; and after cultivating the 
inoculated medium by incubation, measuring the fluorescence 
yield of the culture ans retaining the culture in a form 
suitable for possible further incubation to yield a 
confirmatory culture result by another method of 
estimation. 

2. A method according to claim 1, in which culture is 
carried out for a period less than about 4-7 hours. 

3. A method according to claim 1, in which culture is 
carried out for a period in the range about 3.5-5 hours. 

4. A method according to claim 1, in which a 
fluorogenic substrate which is a hydrolysable derivative of 
4-methyl-coumarin is included in the culture medium. 

5. A method according to claim 4, in which one or a 
mixture of fluorogenic substrates selected from 
4-methyl-umbelliferyl phosphate, 4-methyl-umbelliferyl 
fatty acid ester, eg. C 6 _ 16 fatty acid ester, e.g. 
hexanoate, octanoate or nonanoate, and 7-(N)-L 



JBE22A 



0091837 



- 2 - POO. 18 

(aminoacyl or peptidyl) -7-amido-4-methyl-coumarin, e.g 7- 

(N)-L-alanyl-7-amido-4--methyl-coumarin, are included in the 
culture medium. 

6. A method according to claim 4, in which the 
concentration of said fluorogenic substrate is in the range 
30 microroolar to 300 micromolar, e.g about 100 micromolar. 

7. A method according to claim 1, in which said 
fluorescence yield of said culture is measured by a 
fluorimeter having a xenon lamp light source and a 
photomultiplier detector. 



8. A method according to claim 1, in which said 
fluorescence yield of said culture with a culture volume in 
the range 50 - 100 microlitres is measured by a fluorimeter 
having a range of sensitivity capable of detecting 0-14 
micromolar concentration of fluorophor in said culture 
volume. 



9. A method according to claim 1, arranged for carryi 
out a bacteriological M.I.C. (minimum inhibitory 
concentration) test, in which an inoculum suspension of a 
microorganism under test is inoculated into a series of 
culture containers to form a series of culture broth 
portions containing a dilution series of an antibiotic 
under test, and including in the broths at least one or 
more said fluorogenic substrates, and assessing a M.I.C. 
level by growth or lack of growth of microorganism in the 
culture broths after a culture period in the range 4-7 
hours by means of the yield of fluorescent material. 

10. A method according to claim 9, which comprises 
adding said one or more fluorogenic substrates to said 
inoculum suspension before inoculation into the series of 
culture containers. 
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11. A method according to claim 10, in which said 
inoculum suspension is prepared in a container in respect 
of which a dry stable preparation of said fluorogenic 
substrates is carried on a non-porous surface of the 
container, or of a lid or closure therefor, or of a 
non-porous insert therefor* 

12. A method according to claim 11, in which said dry 
stable preparation of said fluorogenic substrates comprises 
said substrates incorporated in a film of a water-soluble 
film-forming stabiliser, e.g water-soluble polyvinyl 
alcohol. 

13. A method according to claim 1, in which the culture 
broth contains at least one or a plurality of fluorogenic 
substrates which taken as a whole render the broth capable 
of hydrolysis to yield fluorescent production upon growth 
of each of the following microorganisms: 

Bacillus subtilis 
Staphylococcus aureus 
Staphylococcus saphrophyticias 
Streptococcus pyogenes 
Streptococcus faecal is 
Klebsiella edwardsii 
Klebsiella pneumoniae 
Proteus vulgaris 
Proteus mirabilis 
Escherichia coli 
Pseudomonas aeruginosa 
Citrobacter freundii 
Serratia marcescens 
Salmonella anatum • 



14. An improvement in the method of carrying out a 
microbial culture test in which several portions of 
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microbial inoculum suspension in nutrient medium are 
separately cultured and the degree of growth of each is 
estimated by f luoriraetry, said method comprising 

(a) preparing a bacterial broth suspension in an inoculum 
tube r and 

(b) dosing the broth suspension as inoculum into 
microtitre wells for carrying out the culture test, wherein 
said improvement comprises contacting the inoculum 
suspension before step (b) with a solid carrier bearing on 
its surface a water-soluble or dispersible perparation of 
at least one fluorogenic substrate hydrolysable to yield 
fluorescent material upon culture of the bacteria in 
contact therewith, thereby to dissolve or to disperse the 
fluorogenic substrate into the broth, and wherein the 
growth or lack of growth in the culture test is assessed by 
the fluorescence yield from the fluorogenic substrate. 

15. A method according to claim 13, wherein the inoculum 
tube has a removable cap or lid, and after preparation of 
the inoculum suspension in broth the cap or lid is removed 
and exchanged for a tube cap or lid which bears upon its 
surface a predosed stabilised dry preparation of at least 
one fluorogenic substrate capable of hydrolysis to yield 
fluorescent material upon culture of the microorganisms in 
contact therewith, thereby to introduce said at least one 
said fluorogenic substrate into the inoculum suspension. 

16. A method according to claim 13, wherein after 
preparation of the inoculum suspension there is introduced 
into the inoculum tube a carrier in the form of a pellet, 
tab, bead or sheet bearing on its non-porous surface said 
at least one fluorogenic substrate in water soluble or 
dispersible form. 

17. A method according to claim 13, in which the 
concentration of the or each fluorogenic substrate in the 
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bacterial culture is in the range 30 micromolar to 300 
micromolar, the fluorogenic substrate yields a fluorescent 
coumarin upon hydrolysis, and after less than about 7 hours 
culture, e.g. 3.5 to 5 hours culture, the microbial growth 
(or lack of it) in each culture is assessed by fluorometric 
examination of the culture using a fluorimeter which is 
sensitive to a change in fluorophor (coumarin) 
concentration of 1.6 micromolar or less in 0.05 ml volume 
or less, in the presence of background fluorescence 
equivalent to up to at least about 3 micromolar 
concentration of coumarin and fluorescence full scale 
reading equivalent to at least about 14 micromolar 
concentration of coumarin in 0.0 5ml volume. 

18. A method according to claim 16, in which the 
f luorimeter excitation wavelength is about 363 nm and 
emission (detector) wavelength analysed is about 450 nm. 

19. A method according to claim 16 in which a xenon 
source is used to provide the excitation of fluorescence and 
a photomultiplier is used to provide the fluorescence 
detection. 

20. A sterile carrier for an ingredient of a microbial 
culture suspension, in the form of a cap or lid or insert 
adapted to fit on or in a culture broth inoculum tube 
bearing said cap, lid or insert, a fluorogenic substrate on 
a non-porous surface thereof which is suitably placed to 
contact and disperse in the broth when the cap or lid is 
fitted to (or insert inserted into) said tube containing 
said broth and shaken. 

21. A sterile container according to claim 19, contained 
in a sterile moisture- impermeable pack. 

22. A sterile carrier according to claim 19, adapted to 
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a broth inoculum tube of about 10 ml working capacity 
carrying in dried stabilised form about 1 micromole of 
at least one or more fluorogenic substrates. 
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